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Fig. 1. Stade pr6coce de la diff~renciation d'hfmocytes granuleux (*) 
l'int6rieur du tfssu h~matopoi~tique de Melolontka melolontha. Erl 

bas ~ gauche et A droite, cellules r~ticulaires; en haut ~ gauche, stade 
avane6 de diff~renciation. Remarquer Ia pr6senee de fibres caract~- 
ristiques (fl~ches). Fixation au glutarald6hyde-acide osmique. 
Coupes contrast~es ~ l'ae6tate d'uranyle-citrate de plomb. • 2800. 

Fig. 2. Organisation fine du tissu h6matopo[6tique de Melolontha me- 
lolontha. Oft observe deux granulocytes en voie de diff6renciatioa et 
des cellules r~tieulaires (*). Noter l'organisation r~ticul6e des ~l~- 
ments cellulaires et des fibres de inatdriel basal (avec densification 
centrale; double fl~ehe). Les cellules pr6sentent entre elles des des- 
mosomes (fl~ches). Fixation au glutarald6hyde-acide osmique; 
coupes contrast6es & l'ac6tate d'uranyle-eitrate de plomb. • 8400. 

ra issent ,  dalls ce r ta ines  de ces cellules, les inc lus ions  
ca rac t6r i s t iques  des d ivers  types  h6mocy ta i r e s :  granules,  
sph6rules  ou corps s t ruc tur6s .  Les mi toses  son t  n o m b r e u s e s  
dans  ces h6mocy tes  en  vole  de di f f6rencia t ion,  d o n t  la 
m a t u r a t i o n  se fa i r  a ins i  p a r  i lpts  d ' h 6 m o c y t e s  de mSme 
t y p e  au  m~me s t ade  de dif f~renciat ion.  

L ' o r g a n i s a t i o n  r6 t icula i re  des cordons  h6mocy ta i r e s  
p r6sen ts  ~ l ' i n t6 r i eu r  du  s inus  p6r ica rd iaque  de Melo- 
lontha melolontha p e r m e t  de fa i re  un  r a p p r o c h e m e n t  avec  
les t i s sus  h6ma topo i6 t i ques  d ' a u t r e s  groupes  zoolo- 
giques.  Lea po ten t i a l i t 6 s  h6ma topo ig t iques  des cellules 
r6t icuiaires  son t  d6mont r6es  p a r  la d i f f6rencia t ion  des 
d ivers  types  d ' h 6 m o c y t e s  darts ce sys tgme de cordons.  
L ' a c t i v i t 6  m a c r o p h a g i q u e  des eellules r6t iculai res  assu- 
r a n t  la de s t ruc t i on  d ' h 6 m o c y t e s  ag6s, renforce  l ' ana log ie  
de ce t i ssu  avec  les organes  h6ma topo i6 t iques  des ver t6-  
br6s. 

Ii  c o n v i e n t  en ou t r e  de soul igner  t ' ana logie  en t re  la 
s t r u c t u r e  de l ' o rgane  h6ma topo i6 t i que  et  le m6can i sme  de 
l ' h6matopoi~se  chez Melolontha rnelolontha d ' u n e  p a r t  e t  
chez Locusta migratoria, Gryllus bimaculatus, Gryllotalpa 

gryllotalpa ~ et  Calliphora erythrocephala a d ' a u t r e  pa r t .  I1 
nous  semble  v r a i s e m b l a b l e  que  ce p h 6 n o m ~ n e  pr6sen te  une  
g rande  g6n6ral i t6 pou r  l ' ensemble  des ordres  d ' insec tes .  

Summary.  The  hemocy topo ie t i c  t i ssue  of l a rvae  of 
Melolontha melolontha consis ts  of i r r egu la r  cell accumula -  
t ions  s i t u a t e d  b e t w een  t h e  large pe r i ca rd ia l  cells in  t h e  
dorsal  p a r t  of t h e  a b d o m e n .  T h e  morpho log ica l  an d  
func t iona l  cha rac te r i s t i c s  of th i s  t i s sue  are  v e r y  close to  
those  descr ibed for t h e  h e m o c y t o p o i e t i c  t i ssue  of o t h e r  
insects  (Locusta migratoria, Gryllus bimaculatus a n d  Calli- 
phora erylhrocephala) an d  t h e  d i f f e r en t i a t i o n  of severa l  
b lood cell t ypes  could also be  fol lowed in th i s  t issue. 
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D i m e t h y l  S u l p h o x i d e  Effect  on  D i v i s i o n  Cells  

D i m e t h y l  su lphoxide  (DNISO), a l i gn in -de r ived  chemical ,  
h a s  r ecen t ly  been  u n d e r  s t u d y  f rom v e r y  d i f fe ren t  p o i n t s  
of v iew on accoun t  of i t s  d i v e r s i t y  of p rope r t i e s :  as 
inc reas ing  t he  p e n e t r a t i o n  of subs t ances  in to  a n i m a l  
a n d  p l a n t  t i ssues  1, for i t s  c ryop ro t ec t i ve  p rope r t i e s  2, a as a 
so lven t  of phy topes t i c ides  *, ~ and  of h y d r o p h o b i c  organic  
c o m p o u n d s  in general~,L I n  t h i s  paper ,  we r epo r t  t h e  
effect  of DMSO, a t  d i f fe ren t  concen t ra t ions ,  on  p l a n t  

cell popu la t ions ,  showing  h o w  i t  affects  t he i r  k ine t ics  and  
t h e  genera l  p i c tu re  of morpho log ica l  changes  to  wh ich  i t  
gives r ise a t  t h e  cell level. 

T h e  ma te r i a l  cons is ted  of mer i s t ems  f rom t h e  bu lb-  
roots  of All ium cepa L. growing in t a p - w a t e r  a t  25 ~ w i th  
c o n s t a n t  ae ra t ion ,  a n d  sub jec t ed  to 20, 10, 6 an d  1% 
aqueous  c o n c e n t r a t i o n s  of DMSO. T h e  o b s e rv a t i o n s  were 
car r ied  ou t  u n d e r  t h e  l igh t  microscope  a f t e r  f i xa t i on  of 
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Fig. 1. Mitotic indices before and during the 
DMSO treatment at different concentrations. 

the  roots  in 3:1 acetic  e thanol  and  s ta in ing wi th  acetic- 
hydrochlor ic  orcein according to  the  t echn ique  of T j i o  
and  L E V A N  s. 

The mi to t i c  index 9, expressed  as a pe rcen tage  of t he  
to ta l  n u m b e r  of mer i s t ema t i c  cells, was de t e rmined  b y  
examin ing  500 to 1000 ceils form each prepara t ion ,  w i th  
readings  f rom di f ferent  roots  a t  2-h in tervals  in the  course 
of t he  t r e a t m e n t .  The percen tage  of cells in the  d i f fe rent  
s tages of mi tos is  was calcula ted f rom the i r  re la t ive  
d i s t r ibu t ion  be tween  the  mitosis  observed (phase indices 9) 
and wi th in  the  mer i s t ema t i c  cell popula t ion  (phase 
number s  10). 

At  1% concent ra t ion ,  DMSO causes the  drop of t he  
mi to t i c  index  dur ing  the  f irs t  few h of t r e a t m e n t ,  eventu-  
ally reaching  a balance af ter  24 h (Figure 1). No morpho-  
logical anomaly  or a typ ica l  mi to t ic  p a t t e r n  is observed.  
At  6%, DMSO depresses  the  mi to t ic  index,  which  reaches  
ve ry  low levels af ter  24 h of cont inuous  t r e a t m e n t  (Figure 
1). The p ropor t ion  of cells in the  var ious  s tages of mi tos is  
remains  prac t ica l ly  unal tered  (Figure 2), a l though  the  
s tudy  of t he  phase  number s  shows an etfect  on the  cell 
cycle (Figure 3). Alongside the  depress ive  effect  on 
mitosis,  we observe a n u m b e r  of cy topa tho log ica l  
anomalies.  Thus,  we f ind pa t t e rn s  similar  to  those  of 
c -me taphases  and  mul t ipo la r  anaphases  (Figure 4). 

At  a concen t ra t ion  of 10%, DMSO affects  t he  mi to t ic  
index and  even tua l ly  causes the  dea th  of the  ceils a t  
abou t  t he  6th h (Figure 1), accompanied  by  a loss of 
turgescence  in the  roots  and  the  progress ive  pu lver iza t ion  
of the  chromat in .  The mi to t i c  p a t t e r n s  previous ly  observed  
persist ,  bu t  increased in f requency,  toge the r  w i t h  t he  
appearance  of numerous  ch roma t in  bridges,  and  a peculiar  
con t rac t ion  of the  c h r o m a t i n  dur ing  te lophase  (Figure 4). 
Final ly,  a t  a concen t ra t ion  of 20%, DMSO produces  an 
immed ia t e  le thal  effect  on the  roots.  
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Fig. 2. Phase indices before and during treatment with 6% DIKSO. 
- 0 -  prophase; - 3 -  telopbase; - I  metaphase; - � 9  anaphase. 
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Fig. 3. Phase nmnbers before and during treatment with 6% DMSO. 
- 0 -  prophase; - ~ -  telophase; I -  metaphase; - O -  anaphase. 
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Fig. 4. Root-tip cells during DMSO 
treatment at 6 and 10 % concentra- 
tions : a, c, d) ceils in anaphase and 
telophase showing chromatin bri- 
dges. b) c-metaphase cell. c) tri- 
polar mitosis. 

DMSO is m e n t i o n e d  as be ing  a powerfu l  an t ime t abo l i t e .  
Zinc  u p t a k e  is a f fec ted  a t  low c o n c e n t r a t i o n  11 b u t  cell 
m e t a b o l i s m  a n d  e n z y m a t i c  a c t i v i t y  is no t  altered12,1*. 
However ,  a l t h o u g h  in our  s t u d y  s y s t e m  no morpholog ica l  
changes  a p p e a r  a t  t he  c o n c e n t r a t i o n  of 1%, we observed  
a n  effect  on mi to t i c  index.  

R e c e n t  s tudies  sugges t  t h a t  t he  p r i m a r y  effect  of 
DMSO is to  a l t e r  t he  s t r u c t u r e  a n d  p e r m e a b i l i t y  of t h e  
cell membrane1*,  15 a n d  th i s  would  exp la in  i ts  h igh ly  
l e tha l  effect  on t h e  m e r i s t e m a t i c  ceils a t  h igh  concen t r a -  
t ions .  Most  s tud ies  dea l ing  w i t h  t h e  effects of DMSO a t  
h i g h  c o n c e n t r a t i o n s  conclude  b y  d r awing  a t t e n t i o n  to t h e  
toxic  n a t u r e  of th i s  compound ,  wh ich  exercises i t s  effect 
t h r o u g h  cell me tabo l i sm.  Thus ,  SCHmD 16 showed t h a t ,  a t  
concen t r a t i ons  above  10%, i t  s t i m u l a t e d  t he  u p t a k e  of 
zinc, whi le  i n h i b i t i n g  t h a t  of N a  and  1Rb. 

At  a c o n c e n t r a t i o n  of 10%, DMSO acts  u p o n  t h e  
m e t a b o l i s m  of R N A  a n d  pro te ins ,  to  a large e x t e n t  
i n h i b i t i n g  t he  u p t a k e  and  i n c o r p o r a t i o n  of ~4C-uracil a n d  
14C-methionine in p l a n t  t i ssues  n.  Moreover ,  a t  t h i s  
concen t r a t i on ,  t he  r e sp i r a t i on  of t he  cell is inh ib i t ed .  The  
specific a c t i v i t y  of severa l  enzymes  is also b locked  a t  h igh  
concen t r a t i ons  12,18. 

The  c o n s t a n c y  of t he  phase  indices  which  we h a v e  
observed ,  ind ica tes  t h a t  DMSO does no t  exer t  a n y  
select ive  effect  on a n y  p a r t i c u l a r  phase  of mitosis .  The  
progress ive ly  decreased  f r equency  of cells in  each  p h a s e  
of mi tos is  w i t h i n  t he  m e r i s t e m a t i e  p o p u l a t i o n  ill a proof  
t h a t  cells are b locked  a t  t h e i r  e n t r y  u p o n  divis ion.  

BAJAJ e t  al. x~ p o i n t  ou t  t h a t  t h e  effect  of DMSO is 
greater ,  and  appea r s  earlier,  u p o n  t he  u p t a k e  of O~ t h a n  
in t he  case of p ro t e in s  a n d  nucleic  acids, whence  we should  
conclude  t h a t  t h e  b lock ing  of m e t a b o l i s m  is effected 
p r i m a r i l y  t h r o u g h  t he  r e s p i r a t o r y  process.  On t he  o the r  
hand ,  L6PEz-SXEz et  al. 1~ obse rved  t h e  h i g h  degree of 
dependence  of m i to t i c  a c t i v i t y  on the  oxygen  t ens ion  of t h e  
m e d i u m  in Allium roots.  The  depress ive  effect  on  t h e  
mi to t i c  i ndex  obse rved  b y  us m i g h t  be  due  to a progress ive  
lack of ene rgy  (energy of t he  p h o s p h a t e  bond ,  ATP)  as a 

resu l t  of a fa i lure  in  t h e  r e s p i r a t o r y  m e c h a n i s m ,  wh ich  
would  affect  b o t h  t h e  p h e n o m e n o n  of t r a n s c r i p t i o n  an d  
p ro t e i n  synthes is .  

Bea r ing  in m i n d  t h e  ev idence  of depo lymer i z ing  
a c t i v i t y  on  t h e  p a r t  of va r ious  c -mi to t i c  agen t s  wh ich  
t lave been  t h o r o u g h l y  s tud ied  is, t h e  effect  obse rved  on t h e  
mi to t i c  sp indle  m i g h t  be i n t e r p r e t e d  as due  to  t h e  l ink ing  
of DMSO w i t h  ce r t a i n  t u b u l a r  p ro te ins ,  or to  t h e  b lockage  
of some e n z y m a t i c  s y s t e m  wh ich  is necessa ry  for t h e  n o r m a l  
d e v e l o p m e n t  of t h e  spindle.  

A n d  last ly,  t h e  f r e q u e n t  a n a p h a s e  b r i d g e s  an d  t h e  
c o n d e n s a t i o n  of t h e  c h r o m a t i n  would seem to ind ica te  t h a t  
DMSO ac ts  d i rec t ly  as well  as i n d i r e c t l y  u p o n  t h e  
c h r o m o s o m a l  s t ruc tu re .  

Resumen. Dimet i l  sulfdxido, p o t e n t e  a n t i m e t a b o l i t o ,  a 
d i s t i n t a s  concen t rac iones  a l t e r s  s i g n i f i c a t i v a m e n t e  la 
c in6t ica  de pob lac iones  mer i s t em~t i ca s  rad ica les  de 
Allium cepa L., produc i endo  u n  cua t ro  de a l t e rac iones  
morfoldgicas  y f iguras  mi td t i cas  a t lpicas .  
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